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SUMMARY
Unicode,and other ‘universal’encodings haveshown the need for adaptingresourcesuntilnow
available only for major scripts, to the ‘ethnic’ extensions of these scripts. In this paper we de-
scribe such an example: the adaptation of the traditional Arabic typecase to the needs of other
languages using the Arabic script. We present an implementation of this extension: Al-Amal,
based on TEX,
M
E
T
A
F
O
N
T, and Flex/Bison ﬁlters.
1 INTRODUCTION
The ﬁrst Arabic book, a 5
￿ 11 cm volume titled
†
￿
￿
w
s
￿
￿
￿
—
￿
￿
*
i
P (Book of the prayer
of hours), was printed in 1514 by Gre ´goire de Gre ´goire in Venice and Fano, under the pro-
tection of Pope Leo the 10th ([1, p. 18–19]). It took about two centuries for Arabic book
printing to move to the East: in 1727 the Ottoman printing agency was founded in Con-
stantinople and started printing using Dutch types and technology ([8, p. 156]). A similar
institution was founded in Cairo in 1821.
Undoubtedly a script like the Arabic one, having deep roots in calligraphy, was rather
difﬁcult to adapt to typography, a technique where strict standardization and repetition of
forms is necessary. When Aldus Manutius created the ﬁrst italic font in 1501 out of manu-
script calligraphic forms, he made a certain number of choices—and these became a stan-
dardfor occidentaltypography.Similar choiceshad to be made for Arabic: calligraphyhad
to be ‘tamed’, so that the result be homogeneous, reproducible, and ﬂexible enough to be
pleasant to the eye.
This standardization took place in 1906, in Cairo, when the
–
￿
A
¢
8
ˇ
￿
￿
￿
A
T
￿
8
￿ (’Almat .¯ ab‘
al’am¯ arya)typecase is deﬁned. This typecase (see Figures 1 and 2), dividedinto four parts
(asopposedtothe ‘upper’and‘lower’casesoftheOccident),usesa totalof470characters.
Astonishing as it may seem, this typesetting system is still in use today: books typeset in a
traditional way, all around the Arabic world, are still using the same set of characters, and
the same conventionsand rules.
1 In Figures1 and2, the readercan see the fourpartsof this
typecase.
The reader knowing the technical limitations of computerized typesetting can already
imagine the effect of computers on the Arabic script: not being able to cope with the com-
plexity of the Cairo typecase, the computer industry has tried (and was ﬁnally able) to im-
1 In [4, p. 102–103], a book published in 1880 (!) the reader can ﬁnd 30 rules for typesetting Arabic, which are
still strictly applied today by traditional typographers.
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Figure 1. The Cairo typecase—cases 1 and 2THE ARABIC TYPECASE AND UNICODE 113
Figure 2. The Cairo typecase—cases 3 and 4114 YANNIS HARALAMBOUS
Figure3.Samples of printed Arabic:Beirut 1963 (top), Leipzig1981 (bottom left),London 1992 (bot-
tom right)
pose new standards of simpliﬁed typesetting,
2 covering for most of the time only the fun-
damental properties of Arabic script, without any typographical enhancement. Was it the
computers,whichhavesimpliﬁed Arabicprintedscript,orwasit a deeperchangeinArabic
society and mentality? This is hard to say; nevertheless, even today, commercial computer
typesetting systems are—a few isolated exceptionsapart—unable to reach the typographic
quality of ’Almat .¯ ab‘ al’am¯ arya. In Figure 3 one can see different samples of printed Ara-
bic material, showing the evolutionand simpliﬁcation of Arabic script; these examples are
extreme cases: the ﬁrst one is taken from a scholarly book printed in Lebanon (it contains
almostallligaturesofthe’Almat .¯ ab‘al’am¯ aryatypecase),thesecondfromatechnicalbook
printedinEastGermany(afewernumberofligatures),andthethirdfromadailynewspaper
printed in the U.K. (almost no ligatures).
Thispaperdescribestheauthor’ssolutiontothisproblem:
￿
¢
ˇ
￿(Al-Amal),atypesetting
system based on TEX (actually TEX–XE T), emulating the ’Almat.¯ ab‘ al’am¯ arya typecase.
2 For more information on the Arabic script and the computer see also [3] and [10].THE ARABIC TYPECASE AND UNICODE 115
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Figure 4. Sample of text typeset with Al-Amal, with Cairo typecase ligatures (and without keshideh)
This system (already presented in [6] and [7]), has been recently extended to the complete
set of Unicode Arabic alphabet characters; problems and open questions arising from this
extension are discussed at the end of the paper.
2 THE CAIRO TYPECASE
Arabic letters havecontextualforms, dependingon surroundingletters in the same word:a
typical three letter wordwill start with a letter in initial form, followedby a letter in medial
form and, ﬁnally, by a letter in ﬁnal form (the hypothetical word consisting of three times
the same letter ‘ghayn’ is written
￿
G
￿). A fourth form is used for isolated letters (this is
also the form used in crosswords or Scrabble-like games, where letters have to placed in
boxes, indepedently of their context). Some letters appear only in isolated and ﬁnal form
(and sometimes evenonly in isolated form),so that the letters immediately followingthem
must be written in initial (or isolated) form, although they are located inside the word.
These are the basic contextual rules of the Arabic script: they are independent of style
and communication medium, and are applied in all cases, without exception; they are as
basic as the dot on the Latin lowercase ‘i’, or the horizontal bar of the ‘t’.
But besidesthesecontextualforms,’Almat .¯ ab‘al’am¯ aryaalso combineslettersintolig-
atures, not unlike the ‘f’
+ ‘i’
! ‘ﬁ’ phenomenon in Latin alphabet typesetting. The rules
are described in [4,pp.102–103] and have been conﬁrmed by careful examination of vari-
ousprintedtextsofdifferentorigin.InFigures4and5thereadercancomparethesametext
(actuallythe text of the ﬁrst exampleof Figure 3) typeset via the Al-Amal system, with and
without ’Almat .¯ ab‘ al’am¯ arya ligatures.
In the following we start by giving the mandatory ligatures (those that are part of ev-
ery font), then we give the second level ligatures (those that are characteristic of the Cairo
typecase), and ﬁnally we give the variant characters (form changes applied to single char-116 YANNIS HARALAMBOUS
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Figure 5. Samples of text typeset with Al-Amal, without Cairo typecase ligatures (but with keshideh)
acters). By ‘foo-like’, where ‘foo’ is some common Arabic letter, we mean all characters
havingthesamebaseformasletter‘foo’butdifferentdotsandotherdiacritics(forexample,
the ba-like family is the set of characters
￿,
￿,
￿,
˜,e t c . ) .
2.1 Mandatory ligatures
2.1.1 L1.
A lam-like letter followed by an alif-like letter:
ˇ,
—
y
i,
0
$
￿
￿
8
ˇ
￿,e t c .
2.1.2 L2.
The three letter combination lam-lam-ha (eventually with a shadda and vertical fatha): the
second part of the word Allah (God):
M
￿.
2.2 Typographical ligatures
2.2.1 L3.
A lam-like letter followed by meem:
￿
A
￿,
￿
"
￿
￿,
#
￿
￿,
￿,e t c .
2.2.2 L4.
A ba-like letter followed by a ra-like one:
￿
￿,
￿
￿,
￿
￿
”,e t c .THE ARABIC TYPECASE AND UNICODE 117
2.2.3 L5.
A ba-like letter followed by a ﬁnal noon-like one:
0
#
￿,
0
$
T
s
l
￿,
0
!
￿
￿
￿,e t c .
2.2.4 L6.
A lam-like letter followed by a ha-like one:
￿
g
￿
2.2.5 L7.
A ba-like letter followed by a ya-like one:
H
￿,
K
k
￿,
9
￿
w
￿
8
￿,e t c .
2.2.6 L8.
A geem-like letter followed by meem:
ƒ
h,
s,e t c .
2.2.7 L9.
A lam-like letter or lam-meem-likeligature, followed by a geem-like letter, and eventually
a meem:
￿
￿
￿
¯,
¡
A
￿
￿
¯,
￿
￿
￿
˚,
￿
￿
˚,
￿
￿
¯,e t c .
2.2.8 L10.
A ba-like letter followed by a ha-like one:
£
￿,
￿
l
–,
›
w
l
”,e t c .
2.2.9 L11.
A ba-like letter followed by meem:
￿
t
￿,
￿
￿,
r
#
¢,
￿
#
￿,
4
q
¢,
4
￿,e t c .
2.2.10 L12.
A ba-likeletter followedby a geem-likeone, and eventuallya meem:
￿
￿
A
￿
￿,
￿
￿
￿
￿,
ƒ
￿
￿
￿,
“
￿
￿
￿,
￿
￿
￿
￿,
￿
￿
￿
￿,e t c .
2.2.11 L13.
A lam-like letter followed by a ya-like one:
￿
￿
8
￿,e t c .
2.2.12 L14.
A kaf-likeletter followedby an alif-like,or a lam-like,ora ﬁnal kaf-like:
￿
8
*
￿,
￿
￿
/
￿
￿,e t c .
Such a two-letter ligature can be extended to a three-letter or even four-letter ligature, by
adding a ya-like letter, or a ha-like letter, or lam-like letter, or lam-alif-like ligature, etc.:
$
￿
￿,
A
"
￿
￿,e t c .118 YANNIS HARALAMBOUS
2.2.13 L15.
A lam-like letter followed by a lam-like letter and eventually by a meem or a geem-like
letter
2.2.14 L16.
A kaf-like letter followed by a meem and eventually other letters:
￿
@
￿,
K
￿,
V,e t c .
2.2.15 L17.
A meem followed by a geem-like letter and eventuallya meem:
d
￿
￿
￿,
￿
￿
￿
￿,e t c .
2.2.16 L18.
As .ad-like, ha-like, fa-like or kaf-like letter followed by a geem-like one:
r
￿
ﬁ,
￿
￿
￿
ﬂ,
￿
￿
￿,
r
￿
￿
￿,
r
￿
￿
‰,e t c .
2.2.17 L19.
A ba-like, or lam-like, followed by meem, or a meem followed by a ba-like, followed by
meem, or a lam-like followed by two meems:
2.2.18 L20.
A sin-like, or s .ad-like, or fa-like, or ayn-like, or geem-like letter, followed by a geem-like
one and eventuallyby a meem:
￿
f
￿
￿,
￿
￿
￿,
⁄
—
￿
¡
￿,
￿
￿
￿
',
￿
￿
“,
r
￿
ﬁ,
￿
￿
￿
ﬂ,
￿
￿
￿
†,
￿
￿
￿
†,
r
￿
￿
‡,
￿
￿
†,
￿
￿
‰,e t c .
2.2.19 L21.
The name ‘Mohammad’
d
￿
￿
2.3 Variant forms
2.3.1 V1.
An initial ba-like letter in front of a sin-like, ˙ sad-like, ayin-like, waw-like or ha-like one
grows higher:
￿
m
s
￿,
￿
y
l
‘
ª,
￿
￿
w
￿,
￿
￿
h
￿,
⁄
A
¥
w
￿,e t c .
2.3.2 V2.
A medial ba-like letter between two ba-like letters, or in front of a sin-like letter grows
higher:
￿
b
º
￿,
￿
Œ
￿,
￿
￿
t
s
ª,
￿
￿
y
q
￿,
r
s
￿
t
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2.3.3 V3.
An initial or medialgeem-likeletter in frontof an alif-likeor lam-likeletter takesa rounder
closed form:
￿
y
l
æ,
￿
￿
A
￿,
–
A
￿,e t c .
2.3.4 V4.
Aninitial meemin frontofa ra-likeletter,a ha-likeletter ora ya-likeletter gets smallerand
non-hollow:
￿
￿
ı
￿,
￿
h
￿,
†
￿
8
￿,e t c .
2.3.5 V5.
A ra-like letter following a geem-like, ˙ ta-like, ayn-like, fa-like, kaf-like, ha-like letter or
a meem, takes a more calligraphic form:
￿
j
r
￿,
ı
￿
ı
￿,
￿
ı
￿,
8
ı
￿,
￿
￿
￿,
￿
¢
￿
￿,
￿
ı
￿,
“
￿
ı
￿,
￿
ı
¤,e t c .
3 PORTING THE CAIRO CASE TO UNICODE
The ﬁrst plane of ISO 10646-1,also knownas Unicode,providescharactersfor the follow-
ing languages: Arabic (modern and classical), Farsi, Urdu, Pashto, Sindhi, Ottoman Turk-
ish, Baluchi, Kashmiri, Kazakh, Lahnda, Dargwa, Uighur, Turkic, Berber, Hausa, Malay,
Adighe, Ingush, Kirghiz ([12]).
3
Similarly to European languages which have diacritized letters of the Latin alphabet
to adapt them to their phonetic needs, the languages stated in the previous paragraph have
addeddiacriticstothelettersofthebasicArabicalphabet.Thereisaslightdifferencethough:
historically, Arabic alphabet was ﬁrst written without dots;
4 so in a sense, dots are already
‘diacritics’. It is only natural that these languages have ﬁrst tried to use new combinations
ofdotsandletterforms:almosteverycombinationofbasicformandsets ofone,two,three,
or even four dots, overor under the word has been used to obtain new characters.
The author has expanded the Al-Amal system to cover all characters derived from the
basicArabicscript;inFigure6thereadercanseeanexampleofSindhitext(kindlyprovided
to the author bySaghir A. Shaikh,Austin TX) typesetin Al-Amal. In most of the cases, the
extension to Unicode has been a straightforward task. Nevertheless, in some cases the fact
of applying a ligature or even just a contextual form similar to those of the basic Arabic
alphabet brought up ambiguities. These will be discussed below.
3 This set of characters is quite complete; nevertheless, the author encountered characters not provided in Uni-
code, in four cases: for typesetting the Qur’¯ an, a ba-like letter without dot is needed [2, p. 102–103] (one new
character), for typesetting old manuscripts, all characters are needed without dots (2 new characters, in ba-like
and qaf-like forms), Salem Chaker’s proposal for the transcription of Berber into Arabic script [5] (one new
character), and Ahmed Lakhdar’s proposal for the writing of African languages [9] (7 new characters and 6 new
diacritics).
4 Take for example letters
￿ (‘b’),
￿ (‘t’),
￿ (‘th’ like in ‘thought’); they differ only by the number and position
of dots. Originally, these letters were all written without dots, and the reader had to guess their pronounciation
from the context(!).120 YANNIS HARALAMBOUS
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3.1 Cases where contextuality leads to confusion between characters
3.1.1 Letters fa and qaf.
In basic Arabic, letters fa
￿ (and its artiﬁcial derivative va
‡) and qaf
￿ have different
forms:theformerislongerandﬂatter,whilethelatterisrounderanddeeper.Thisdifference
isvisibleonlyintheisolatedandﬁnalforms:compare
￿
f
￿
￿and
￿
q
￿
￿.Sincetheseletters
differmainlyinthenumberofdots(oneforfa,twoforqaf,threeforva),theshapedifference
is of minor importance, and in some modern Arabic typefaces it is totally ignored.
The problems arise with Unicode characters 06A7 (ARABIC LETTER QAF WITH DOT
ABOVE)and06A8(ARABIC LETTERQAF WITH THREE DOTSABOVE),whichusethebasic
shapeofletterqaf,andhavethesamenumberofdotsasfaandva.Thesecharactersareused
inMaghribiArabic.Ininitialandmedialforms,aswellasinligaturesinvolvingtheseforms,
they are indistinguishable from the basic Arabic letters fa and va.
3.1.2 Letters ta, noon and ya.
InbasicArabic,lettersta
￿andnoon
⁄havedifferentforms:theformerislongerandﬂatter
and the latter is rounderand deeper.Once again, the difference can only be seen in isolated
andinitialforms:compare
￿
º
￿
￿and
ƒ
￿
¥
⁄.Sincetheselettersdiffermainlyinthenumber
of dots (one abovefor noon, two abovefor ta, etc.) the shape difference is of minor impor-
tance.
Unicode characters 06BB (ARABIC LETTER RNOON), 06BD (ARABIC LETTER NOON
WITH THREE DOTS ABOVE)use the letter formof theArabic noonand thedotsof the Urdu
letter tteh and the Arabic letter tha. These letters are used in Sindhi and Malay.Their initial
and medial forms, as well as all ligatures involving initial and medial forms are indistin-
guishable from the Urdu and Arabic counterparts.
The situation is even more complicated since the Arabic letter ya
– shares the same
initial and medialformsas ba, noonand friends:
†
￿
ﬁ
–. Nevertheless,the isolated and ﬁnal
forms of this letter are signiﬁcantly different from those of the ba and noon letter shapes.
Once again, in basic Arabic the number and position of dots is sufﬁcient for determining
the letter (ya carries two horizontaly aligned dots below).
Unicode character 067B (ARABIC LETTER BEEH) has the form of ba and carries two
verticallyaligned dotsbelow;this is also the case of 06D0 (ARABIC LETTER E) which car-
ries the same set of dots, but has the form of an Arabic ya. Furthermore, 06D1 (ARABIC
LETTER YEH WITH THREE DOTS BELOW) carries three dots below,exactly as does Arabic
letter tha: the former has the letter form of a ya, while the latter the one of a ba.
3.1.3 Arabic and Sindhi letters kaf.
InArabic,theletterkafiswrittenwithanobliqueascenderstrokeininitialandmedialform,
andwitha hamza-likediacriticinﬁnalandisolatedform.Sindhiusesakaf-likeletter06A9
(ARABIC LETTER KEHEH) which has oblique ascender strokes in all forms and no hamza-
likediacritic.ThisletterisindistinguishablefromtheArabickaf,ininitialandmedialforms,
as well as in all ligatures involving these forms.122 YANNIS HARALAMBOUS
Re-encoding
to Unicode
Contextual
analysis
Cairo
typecase
ligatures
Preparation
to output
Typesetting
by TeX
Input
Output
Typesetting without ligatures
Typesetting with ligatures
Figure 7. The Al-Amal internal structure
3.2 Cases where ligatures obstruct proper diacritization of characters
1. The Pashto ring (as in
￿) is incompatible with the ba-like
+ geem-like ligature (for
example
￿
￿
￿)andtheinitial/isolatedba-like
+meemligature(forexample
￿).Eitherthe ring
must be designed like ‘a hanging drop’—a dubiousesthetic result—or the ligature must be
broken. The author has tried to design a ligature of isolated form
￿, but the result is not
entirely satisfying.
2.TheUighurcharacter
Ł0675(ARABIC LETTERHIGH HAMZA ALEF)canhardlytake
part in a lam-alef-like ligature: the hamza would be too far to the right.
5
3. The fact that ’Almat .¯ ab‘ al’am¯ arya ligatures have been designed without taking into
accountIndiccharacters,makesmanyligatureswithnon-standarddotsambiguous:is
￿
￿
» the
combinationof
t and
￿ (06A5 ARABIC LETTER FEH WITH THREE DOTS BELOWand the
standardArabich
¯
ah)orof
￿and
„(06A1 ARABIC LETTERDOTLESSFEHand0686 ARA-
BIC LETTER TCHEH)? Theoretically,one can distinguish them by slightly moving the dots
to the right in the former case (
￿
￿
» vs.
￿
￿
￿
‚); but still the two forms are very close graphically,
and it may be difﬁcult to the reader to distinguish them at ﬁrst sight.
4 TECHNICAL DETAILS
4.1 Preprocessing
The extended Al-Amal system is build of four modules, as shown in diagram 7:
1. re-encoding to the (extended)Unicode encoding;
2. standard contextual analysis and mandatory ligatures;
3. (optional) Cairo typecase ligatures processing;
4. preparation to output (conversioninto TEX code).
TheﬁrstthreemodulesareindependentofTEX.Toavoidligaturesonesimplyremovesmod-
ule3fromtheprocessingchain.PreprocessorshavebeenwritteninC,usingFlexandBison
tools: writing a grammar for Arabic ligatures avoids tedious pattern matching.
4.2 The fonts
The Al-Amal fonts have been designed in the
M
E
T
A
F
O
N
T language, to obtain maximum
possibilities of optical scaling. Many ligatures have been split in several parts and are re-
5 Not to mention the fact that in the Qur’¯ an one ﬁnds a lam-alef ligature with a central hamza, not included in
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combined by TEX (this is also the task of preprocessor module 4). One can consider these
fonts as glyph banks, providing glyphs which TEX combines into characters and ligatures.
This approach has allowed minimization of storage space and time/energy needed for font
design.Theauthorwasabletoproduceall possibleCairotypecaseligaturesontheUnicode
Arabiccharacterset,usingonlysix8-bit(partiallyﬁlled)fonttables,thatisfewerthan1500
glyphs.
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